Alanine disposal by liver parenchymal and haematopoietic cells from 21-day fetuses, newborns and adult rats was studied. Preparations selectively enriched in either haematopoietic cells or hepatocytes were obtained by direct perfusion of fetal-and neonatal-rat livers. L-Alanine transport into liver parenchymal cells was best fitted to two Na+-dependent saturable systems. The high-affinity system showed a much -higher activity (VmK,) in hepatocytes from fetuses and newborns than in those from adult rats (2.4, 4.3 and 0.3 nmol/8 min per 106 cells for fetuses, newborns and adults respectively). Vm,,, for the low-affinity component was slightly lower during the perinatal period than in
INTRODUCTION
During fetal and neonatal development, amino acids are mainly used for protein accretion and purine and pyrimidine biosynthesis (Snell, 1982; Jones and Rolph, 1985) . The high amino acid requirements for anabolic purposes in the growing fetus are met by the mother, who increases food intake and decreases amino acid catabolism (Beaton et al., 1954; Freinkel et al., 1972) . At this time, the placenta plays a crucial role in the active transfer of amino acids towards the fetal blood, where many of these compounds reach higher concentrations than those found in maternal blood (Palou et al., 1977; Battaglia and Meschia, 1978; Battaglia, 1989) . After birth, the maternal supply disappears and circulating amino acid concentrations fall, although the proteinsynthesis rate remains higher than that in adults Lewis et al., 1984) . Amino acids play only a minor role as substrate for glucose production during this period and thus, they are mainly used anabolically (Snell, 1981 (Snell, , 1982 . Some 20 years ago, Christensen (1973) reviewed experimental evidence that indirectly pointed to an induction of the amino acid concentrative capacity in vivo of the liver at birth, which was attributed to an interesting case of adaptive control induced by the presence of hypoaminoacidaemia. Besides the little available information on this topic, the method traditionally used for transport studies in fetal-and neonatal-rat isolated hepatocytes consists of incubation of the whole organ with solutions containing proteolytic enzymes (Bellemann, 1981a,b; Handlogten and Kilberg, 1982; Vadgama and Christensen, 1983; Miller et al., 1986; Leoni et al., 1987) . The cells obtained by this procedure were usually cultured for several hours before carrying out the experiments. The results of the studies on amino acid transport in neonatal-rat hepatocytes were somehow different from those reported by other authors using ' Hepatocytes from fed adult rats were isolated by the classical anterograde collagenase perfusion method described elsewhere (Moreno et al., 1989 Transport measurements L-Alanine uptake rates in liver parenchymal and haematopoietic cell preparations were determined as previously described [3H]Mannitol (0.38 #aCi/ml) was included in the incubation media to estimate the amount of extracellular medium trapped in the acid layer. The contents of the tube were aspirated, except for the bottom layer, which was used for radioactivity counting. The net cell-associated radioactivity was corrected by the specific radioactivity of the substrate, and all the results were expressed as Lalanine (in nmol) taken up during a certain incubation time by 106 cells. The rate of L-alanine uptake was not modified by cell density in the range tested [(0.5-2) x 106 cells/ml]. This method gives accurate estimations of Na+-dependent L-alanine transport.
Indeed, the mannitol space was very small (around 4.5 p,l/l06 cells) and unchanged in all the preparations tested, whether they had been incubated with Na+ or choline. Furthermore, the pool of intracellular L-alanine is not markedly modified by resuspending the cells in either a NaCl or a choline chloride medium. Using a spectrophotometric method (Williamson, 1986) , we measured the L-alanine content ofadult rat hepatocytes that had been resuspended in any of those media and lysed with 6% HCl04. The L-alanine content was 12+1 and 10 + 0.5 nmol/mg of protein (n = 3) for hepatocytes incubated for 30 min in a NaCl and a choline chloride medium, respectively.
Analysis of the data
All the calculations were performed with an Apple-Macintosh SE microcomputer. Basically, we analysed the Na+-dependent component of transport, since this is the major and, perhaps, only route for carrier-mediated transport of L-alanine into liver parenchymal cells. Then saturation curves were solved by applying a non-linear regression analysis that includes an F test (Van Melle and Robinson, 1981; Brot-Laroche et al., 1986) . To do so, we used the software kindly provided by Professor Francisco Alvarado (C.N.R.S., Meudon-Bellevue, France). Where indicated, the statistical significance of the differences between the experimental groups was established by Student's t test.
RESULTS
The time course of 0.25 mM L-alanine uptake into liver parenchymal and haematopoietic cells from 21-day fetuses, newborns and adult rats showed that transport was linear up to 10 min in all the experimental groups and for all the preparations tested. Results for hepatocytes are shown in Figure 1 . Even at high substrate concentrations (20 mM L-alanine) we showed that L-alanine uptake remained linear up to 10 min. At those concentrations, transport rates in the choline chloride medium only represented 9 %, 6 % and 12 % of the rates found in the NaCl medium for fetal-, newborn-and adult-rat preparations respectively (results not shown). L-Alanine uptake by haematopoietic cells from fetal liver was also linear for up to 10 min, but was slower than that in fetal hepatocytes (0.87 versus 2.39 nmol/8 min per 106 cells). Interestingly, the rate of L-alanine uptake by neonatal-rat haematopoietic liver cells was negligible.
The concentration-dependence of the Na+-dependent L-alanine uptake in the different cell preparations was monitored by determining the uptake rates at different substrate concentrations in the incubation medium (from 0.1 to 20-30 mM). L-Alanine uptake into liver parenchymal cells proved to be almost saturated in the range of substrate concentrations tested (Figure 2) . Furthermore, the total Na+-dependent uptake is in the range of what has been described in the literature (for review see Meijer et al., 1990 ). The Wolf-Augustinson-Hofstee linear transformation of the Na+-dependent L-alanine transport is shown in Figure 3 . Figure 4 . L-Alanine is transported according to Michaelis-Menten kinetics, with a V.ax of 6.44 nmol/8 min per 106 cells and an apparent Km of 1.24 mM. Obviously, the fraction that we call neonatal-rat haematopoietic cells may contain a heterogeneous cell population, probably showing different transport activities; thus we cannot completely rule out the possibility of having more than one system involved in L-alanine uptake. In any case, it is clear from our data that this cell population can take up L-alanine with high affinity at a value of Vm,, which is in the range of that calculated for the high-affinity component of transport for this amino acid in fetal liver parenchymal cells. DISCUSSION L-Alanine uptake by liver parenchymal cells L-Alanine gets into the hepatocyte through two major Na+-dependent systems, i.e. systems A and ASC (Kilberg, 1982) . When Na+-dependent L-alanine uptake is monitored in the presence of increasing concentrations of amino acid and the results are plotted according to the Woolf-Augustinson-Hofstee transformation, a biphasic pattern is observed. Similar results are obtained when a-aminoisobutyrate (AIB) is used instead of L-alanine as a substrate (Fehlmann et al., 1979a,b; Fafournoux et al., 1982 Fafournoux et al., , 1983 Kristensen et al., 1983) . These kinetics have been sometimes solved according to a non-linear regression analysis, giving two components of transport, one of high affinity and low capacity and the other of low affinity and high capacity for the substrate. In classical studies on the regulation of amino acid uptake into liver parenchymal cells, using either L-alanine or AIB as substrate, the high-affinity component, which is supposed to be accounted for by system A, is significantly induced. This has been reported to occur in either starved or diabetic rats (Fehlmann et al., 1979a; Samson et al., 1980; Kristensen et al., 1983) , as well as in rats fed on a high-protein diet (Fafournoux et al., 1982 (Fafournoux et al., , 1983 (Fafournoux et al., , 1990 . Furthermore, similar results were obtained in primary cultures of rat hepatocytes when they were treated with insulin, glucagon, glucocorticoids or catecholamines (Fehlmann et al., 1979b; Canivet et al., 1980) , thus reflecting upregulation of system A activity. (Kristensen et al., 1983) . In the present paper, a similar induction to that reported in the physiological situations cited above is found in hepatocytes isolated from either 21-day rat fetuses or 1-day newborns. This strongly suggests that liver parenchymal cells from fetuses and newborns share carrier systems with higher affinity for afferent Lalanine than those from adult rats. This gives hepatocytes from developing rats a better ability to transport L-alanine when the amino acid is present in the medium at physiological concen Vadgama and Christensen (1983) , it is known that, in primary cultures of fetal hepatocytes, system A is able to respond to amino acid starvation by increasing its activity, a phenomenon which is known as derepression or adaptive regulation. Moreover, the amino acid concentrative ability of the liver in vivo is markedly modified after parturition (Christensen, 1973) . This has been interpreted as a consequence of adaptive control due to the prompt decrease in circulating amino acid levels occurring at birth. Despite the slight increase in the Vmax of the high-affinity agency (when expressed on a cell-number basis), our results show that the development of the systems responsible for L-alanine uptake in liver parenchymal cells is extremely rapid and programmed to occur before birth.
In a previous report by Bellemann (1981b) , studying AIB uptake in cultured hepatocytes from lactating rats, similar results were found. Kinetics of AIB transport gave a biphasic pattern, and the high-affinity component showed a much higher Vm..x in terms of specific activity. In that study, adult values were not reached even after weaning. Interestingly, parallel changes were found for the ouabain-inhibitable Rb+ uptake, which was considered to cause membrane hyperpolarization, thus contributing to enhance Na+-dependent amino acid transport in liver parenchymal cells. Concomitant changes in both activities during development can be explained on the basis of the suggested coordinate regulation of system A and Na+,K+-ATPase-subunit gene expression reported in cultured CHO cells (Qian et al., 1991) . It is not known whether this applies to fetal development. Indeed, messengers coding for both a and , subunits of the Na+,K+-ATPase accumulate in livers from lactating rats, but are not detected in 18-day fetal livers (Emanuel et al., 1987 Na+-dependent L-alanine uptake by haematopoietic cells is quite important in the 21-day fetal liver. This characteristic disappears after birth, which suggests firstly that haematopoietic cells are a main site of liver amino acid metabolism during fetal development, and secondly that birth is a key landmark for the maturation of transport processes in this cell type. Similarly, in adults of all the mammalian species so far studied, a classical feature during the maturation of red-cell precursors is the loss of Na+-dependent transport for most amino acids (Tucker and Young, 1980; Fincham et al., 1984; Blostein and Grafova, 1987; Felipe et al., 1990 Felipe et al., , 1992 .
Physiological Implications and conclusions
An interesting finding of this study is that a high-affinity component of L-alanine transport shows an increased activity in fetal-and neonatal-rat liver parenchymal cells. Similar results have been found in another situation associated with liver hyperplasia, i.e. liver regeneration after partial hepatectomy (LeCam et al., 1979) . Also, during pregnancy, when liver DNA is significantly increased, a co-ordinate induction of system A and ASC activities has been reported (Pastor-Anglada et al., 1987 Felipe et al., 1989) . It is likely that the induction of this high-affinity component of transport for L-alanine is a consequence of gene programming during tissue hyperplasia, because, as suggested by our results, it is not a consequence of adaptive control caused by birth-associated hypoaminoacidaemia. Moreover, our results confirm that cell differentiation is accompanied by changes in transport activity of several carriers, and hence the lack ofNa+-dependent transport in haematopoietic cells from neonatal-rat livers presumably reflects a late step in the conversion of these precursors into mature red cells.
